The purpose of this study was to examine the feasibility of interstitial MR lymphography using Superparamagnetic Iron Oxide (SPIO) to detect sentinel lymph nodes (SLNs) in head and neck cancer. For two patients with cT2N0 squamous cell carcinoma of the tongue, the submucosal injection of SPIO as well as sentinel lymph node navigation surgery (SLNNS) was performed before undergoing surgical treatment. SPIO was used for MR lymphography and Tc-99m phytate for SPECT. We compared the images by both modalities. Berlin blue stain was also performed postoperatively to verify if SLNs had the uptake of SPIO. The lymph nodes with MR signal attenuation and those with hot spots were probed to be anatomically identical. All the lymph nodes detected as a SLN by a gamma-probe contained the blue granules from SPIO. These data suggest that SPIO can be a novel tracer for performing SLNNS and SLN biopsy (SLNB) in oral cancer patients with cN0 neck.
INTRODUCTION
The sensitivity for detecting lymphatic metastasis in patients with head and neck cancer as well as melanoma and breast carcinoma has significantly increased by the use of sentinel lymph node biopsy (SLNB) [1] [2] [3] [4] . However, SLNB in head and neck cancer is not widely accepted in Japan so far. Recently, a retrospective study on sentinel lymph node for oral and laryngopharyngeal cancer in Japan was reported [5] . Indocyanine Green (ICG) is widely used for detecting sentinel lymph nodes (SLNs) in patients with head and neck cancer or breast cancer. In addition, lymphoscintigraphy is also used for detecting SLNs in the head and neck region.
ICG is such a small weight molecule that it can reach sentinel lymph nodes rapidly after injection around the primary tumors. Constant experience on the procedure of SLNB is necessary in order to identify and pick up the SLNs accurately. It should be difficult to search the whole neck extensively for the SLNs with ICG, while SPECT helps us identify the locations of them. Recently, the new imaging technique, such as near-infrared fluorescence imaging, may compensate the disadvantage with ICG [6] [7] [8] , but it is still difficult to survey the whole neck for SLNs. Therefore, SPECT is often used at the same time with ICG for detecting SLNs.
SPIO, a negative contrast enhancing agent, can be one of the alternatives of SLNs identification. A magnetometer for *Address correspondence to this author at the Department of OtolaryngologyHead and Neck Surgery, Nara Medical University, 840 Shijo-cho, Kashihara, Nara 634-8522, Japan; Tel: +81-744-29-8887; Fax: +81-744-24-6844; E-mail: iota@naramed-u.ac.jp SPIO in SLNs is available nowadays [9, 10] , but the comparison between distribution of SPIO by its submucosal injection and that of radioisotope labeled agents remains unclear. In the current study we examined the feasibility of interstitial MR lymphography using SPIO to detect SLNs in 2 patients with oral cancer.
MATERIALS AND METHODS

Patients
This study was approved by the Institutional Review Board of Osaka Medical Center for Cancer and Cardiovascular Diseases. Two patients with cT2N0 squamous cell carcinoma of the tongue were enrolled as the subjects of this study. Written informed consent for this study was obtained from them. They consented to the submucosal injection of SPIO as well as to sentinel lymph node navigation surgery (SLNNS) at Osaka Medical Center for Cancer and Cardiovascular Diseases. Tc-99m phytate was used as a tracer in SLNNS.
Superparamagnetic Iron Oxide (SPIO)
Risovist
® was submucosally injected around the primary tumors. It was approved in Japan in 2001 as a SPIO formulation that targeted the liver reticuloendotherial system. SPIO particles are phagocytosed by reticuloendothelial cells in the liver, resulting in negative enhancement of the liver parenchyma on T2-or T2*-weighted imaging. The iron oxide core is about 5 nm in diameter. It is coated with carboxydextran and clustered. The size of particles is 57 nm respectively. The SPIO particles bind with opsonins in the vessels and about 80% of dosage is phagocytosed by Kupffer cells in the liver reticuloendotherial system. The SPIO particles accumulate in the lysosome granules and form cluster in the Kupffer cell, the large clusters disturb local magnetic field, shortens T2 * and decrease the signal strength of the liver. Moreover, small clusters assume the approach of the water molecule to magnetic center to be easy, and shortens T1 and T2. The decreased or increased signal strength of the liver results in improvement of neoplasm-liver contrast and it contributes to the diagnosis of the liver tumors.
The SPIO particles are phagocytosed by macrophages in lymph nodes. Therefore, the decrease of signal strength also occurs in the lymph nodes with uptake of SPIO.
Injection of SPIO
Undiluted solution of Risovist ® was submucosally injected with the dose of 0.45mg/kg (= 8µmol Fe/kg, < 1.4ml/body). The mucosa around tumor was not pretreated with any local anesthetics but patients complained of no severe pain. Risovist ® was injected in surroundings of the primary lesion one fourth of the volume of SPIO each.
SPIO Contrast Enhanced MRI
MRI was performed twice before and 30 minute after the submucosal injection of SPIO. MRI images were evaluated for the lymph nodes with attenuation of signal strength. Both MRI images of the pre-and post-injection were compared with each other if the lymph nodes detected by MRI anatomically coincided to SLNs detected by SPECT.
Detection and Removal of SLNs During Surgical Treatment
The flowchart about imaging studies and surgical treatment for the patients was shown in Fig. (1) . We intraoperatively used the gamma probe (Neo2000 Gamma Detection System, Mammotome, Cincinnati, OH) to locate the SLNs with Tc-99m phytate. The lymph nodes with the counts of ten times as much as those of the back ground values were defined as the SLNs. These lymph nodes were immediately evaluated to verify if there was an evidence of microscopical metastasis by the frozen section when removed. The iron staining with berlin blue was done to the permanent preparation to confirm the existence of iron in the SLNs.
RESULTS
The lymph nodes that accumulated SPIO located in the same anatomical positions where the hot spots with accumulation of Tc-99m phytate were identified by SPECT in both Case 1 and Case 2. These data imply that both of them turned out to be anatomically identical (Figs. 2, 3) .
To detect SLNs with SPIO, but the removed SLNs were treated with berlin blue stain, instead of the using a magnetometer intraoperatively [9, 10] . The blue granules shown in Fig. (4) indicated the uptake of SPIO in the sinus of SLNs. All the lymph nodes detected as a SLN by a gamma-probe contained those blues granules.
DISCUSSION
Organ preservation is an important goal in treatment for head and neck cancer, and the modalities such as chemoradiation aiming at coexisting of that purpose and the therapeutic effect are widely adopted. Minimum surgical stress is expected because excellent prognosis is obtained by surgical treatment for early cancer of tongue even though the potential of cervical lymph node metastasis in cN0 neck is focused on in T1/T2 tumors. To overcome this task, the clinical researches on SLNs in the oral cavity cancer are ongoing [5, 7, 11] .
ICG is widely used to identify SLNs intraoperatively. ICG can run rapidly through the lymphatic drainage system because its particle is small. Therefore, we need to become more experienced on SLNNS or SLNB with ICG. In addition, it is low-priced and the procedure is clear. This is why ICG is still used for SLNNS or SLNB for head and neck cancer. Recently, Photodynamic Eye (PDE) and ICG is an effective combination in order to visualize tissue perfusion and SLNs [8] . We can also use a transparent hemispherical device that is effective in order to identify the lymph nodes in the deep part of the neck by shortening the distance from the skin to the target [8] . 
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The day of the SLNNS CT lymphangiography is one of the useful identification methods for the sentinel lymph nodes and the descriptions such as MPR and 3D are easy to understand anatomically. Saito et al. reported the lateral lingual lymph node that was identified as a sentinel node demonstrated on CT lymphography [10, 12] . However, the timing is the key to image SLNs appropriately, as the CT contrast agent runs through the tissues in several minutes. But other modalities such as ICG method are necessary for identifying the location of SLNs during surgical operation as well.
Even with clear laterality of head and neck primary lesions, SNLs might be in the contralateral neck. Thinking of possibility that unexpected SLNs exist as previously mentioned, an isotope method has the advantage of the whole neck scan. However, there should be various methods for identifying the location of SLNs as not all of institutions can perform SPECT.
SLNs detection using SPIO is not one of the most accepted methods so far. SPIO has some problems to solve such as high price, side effects and so on. Mack et al. reported evaluation of neck metastasis by MRI with ultrasmall SPIO (USPIO) injected intravenously [13] . According to the report, MR diagnosis was correct in 26 of 27 patients who underwent surgery. Harisinghani et al. reported the evaluation of nodal metastasis in prostatic cancer patients by MRI with intravenous USPIO injection as well [14] . And they mentioned that MRI with USPIO correctly identified all patients with nodal metastases, and a node-by-node analysis had a significantly higher sensitivity than conventional MRI. Only a few were reported about submucosal injection of SPIO and its distribution [11, 15] . This study showed that the lymph nodes detected by MRI anatomically coincided to SLNs detected by SPECT. The uptake of SPIO in the sinus of the SLNs was pathologically proved by Fe stain. Thus, MRI using SPIO submucosal injection could detect the identical lymph nodes that were detected by SPECT.
Performing MRI before and after submucosal injection of SPIO is a complicated process. SPIO is high-priced as well. It is also expected that a precise magnetometer becomes affordable and common. Interstitial MR lymphography using SPIO is thought to be feasible for detecting SLNs in head and neck cancer patients even though there are some problems to solve for now.
CONCLUSION
We evaluated images of interstitial MR lymphography with SPIO in oral cancer patients who also underwent lymphoscintigraphy. The lymph nodes that accumulated SPIO were identical to those detected by SPECT using Tc99m phytate. SPIO can be a novel tracer for performing SLNNS and SLNB in patients with oral cancer even though it is necessary to overcome several problems. b) a)
